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Plants can become 'immune' to attack by viruses by 
degrading specific viral RNA, but some plant viruses 
have evolved the general capacity to suppress this 
resistance mechanism. 
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Hosts and pathogens are engaged in a continuing battle 
for success. In the vertebrates, a diverse army of immuno-
logical processes has evolved to minimize the effects of 
infection, and these are relatively well understood. The 
defence mechanisms used by plants to councer pathogens, 
however, are only now being uncovered [1]. Apart from 
structural and chemical defenses, one process that has 
been reasonably well defined is what is known as the 
'hypersensitive' response. Here, the plant reacts to 
infection by inducing the suicide of cells surrounding the 
point of attack, thus isolating it and preventing the spread 
of infection. It works only in special cases where the plant 
carries a specific resistance gene, the product of which can 
recognize the product of a specific avirulence gene in the 
pathogen. Another plant defense process is 'systemic 
acquired resistance' where, following an initial localized 
infection, enhanced protection against all pathogens 
spreads throughout the plant. Apparently a chemical 
signal is transmitted through the vasculature that stimu-
lates the global synthesis of a range of defensive proteins. 
Now a new form of plant defense has been discovered. 
This is targeted against viruses and involves specific degra-
dation of their RNA [2-4]. The process was discovered in a 
round-about way, through investigation of a process known 
as post-transcriptional gene silencing [5]. Post-transcrip-
tional silencing initially came to light as a response to the 
insertion of DNA sequences to create transgenic plants. In 
some cases, transgenes were found to function at first, but 
soon to be silenced. Not only that, but related sequences, 
including endogenous plant genes, were also affected, a 
phenomenon that was dubbed 'cosuppression'. In many 
cases, the affected genes were still transcribed, but their 
RNA transcripts were specifically and rapidly degraded. 
The agent of silencing is itself likely to be RNA, possibly 
targeting the sequences to be degraded by specific 
RNA-RNA hybridization. Silencing spreads from the 
initial foci, and recent evidence strongly suggests that the 
silencing signal is RNA that spreads through the plant's 
phloem [6,7]. The observed self-perpetuation of distant 
silencing can be accounted for if the silencing RNA is itself 
a product of the degradative reaction. 
The presence of transgenic material in plants is highly 
artificial, and the biological significance of silencing was 
not obvious at first. But now' it seems that transgenes 
inserted by human tinkering may have stimulated a 
specific plant 'immunological response' that is normally 
targeted against naturally invading nucleic acids, particu-
larly viruses. There are hundreds of plant viruses that 
variously cause stunted growth, leaf yellowing or mottling 
(mosaicism), developmental defects and/or wilting in 
susceptible hosts [8]. They are often transmitted by multi-
cellular herbivores, such as sucking insects, mites or 
nematodes. Upon infection, the viral genomes - DNA or 
RNA - are replicated locally. The viral RNA moves into 
adjacent cells through the plasmodesmata that directly 
connect the cytoplasm of adjacent plant cells, and is then 
transmitted systemically through the plant's phloem, 
often with the help of virus-encoded proteins. Plant 
viruses are of major economic importance, being difficult 
to control Of cure. 
Investigations into the mechanisms of post-transcriptional 
silencing on the one hand, and plant resistance to viruses 
on the other, began to converge with studies of the 
mechanism of 'recovery'. This phenomenon was discov-
ered in the course of experiments on tobacco plants carry-
ing a transgene encoding the coat protein of tobacco etch 
virus. When these transgenic plants were infected with 
tobacco etch virus, symptoms initially appeared but the 
newer growth generated after the infection was found to be 
specifically resistant to tobacco etch virus [9]. Coat protein 
RNA from the transgene was being generated in the new 
leaves and then immediately degraded. The conclusion 
was that the tobacco etch virus viral sequence in the trans-
gene apparently 'sensitized' the plants against attack by 
tobacco etch virus by setting up post-transcriptional silenc-
ing machinery that specifically targeted tobacco etch virus 
RNA sequences, whether in the trans gene or the virus. A 
further strong parallel between post-transcriptional silenc-
ing and viral resistance is the likely involvement of 
RNA-RNA recognition in each case [10,11]. 
The two phenomena of post-transcriptional silencing and 
viral resistance have now fully converged with reports 
that viral infection itself is sufficient to induce specific 
silencing in the absence of any transgene [2-4]. In 
tobacco plants infected with tomato black ring virus, the 
accumulation of transcripts of this virus - but not of a 
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component proteinase of tobacco etch virus enhances long 
distance movement of the virus itself [14]. 
These findings have been extended to an unrelated virus, 
cucumber mosaic virus. Infection of tobacco or Arabidopsis 
plants with this virus can relieve post-transcriptional silenc-
ing in newly developing leaves [16], and Brigneti at al. [15] 
have now shown that such suppression depends on the 2b 
protein of the virus. Significantly, this protein was already 
known to be a suppressor of the host plant's defense mech-
anisms against viruses in general. Unlike the suppression of 
silencing by helper component proteinase, however, sup-
pression by 2b was effective only on tissues newly emerg-
ing from the apical meristem (Figure 1). The 2b protein 
might thus work by preventing the initiation of new silenc-
ing or by blocking transport of the silencing signal, rather 
than by inhibiting the maintenance of the process (15]. 
So no sooner have we discovered that plants can mount a 
specific immune response to the foreign nucleic acid of 
viruses - gene silencing - than we learn that viruses 
have, in turn, evolved their own counter-defense -
suppression of silencing. Among the aspects we do not yet 
fully understand are how a plant's endogenous genes 
evade being silenced, exactly how the silencing signal is 
initiated, transported and maintained, and how viral sup-
pression can block these processes. In the long run, 
answers will reveal how signaling molecules generally 
move through plants, not only as components of the see-
sawing fight against pathogens, but also as triggers of 
normal developmental processes [17]. 
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